In previous studies1 we pointed out the unusual behaviour towards the dealkylation o f 4,7-dimethoxyindole (1), which, by reflux-heating with anhydrous aluminium chloride in benzene solution, gave a demethylated product that, instead of being the expected 4,7-dihydroxyindole, wras its isomer 4,7-dioxo-4,5,6,7-tetrahydroindole. Analogous be haviour was also observed by other 4,7-dimethoxy indole derivatives, bearing a methyl at C-2 or an alkyl group at C-32-3.
Introduction
In previous studies1 we pointed out the unusual behaviour towards the dealkylation o f 4,7-dimethoxyindole (1) , which, by reflux-heating with anhydrous aluminium chloride in benzene solution, gave a demethylated product that, instead of being the expected 4,7-dihydroxyindole, wras its isomer 4,7-dioxo-4,5,6,7-tetrahydroindole. Analogous be haviour was also observed by other 4,7-dimethoxy indole derivatives, bearing a methyl at C-2 or an alkyl group at C-32- 3. Stabilisation of the dihydroxyl form, such as to permit its isolation and the consequent oxidization to the corresponding quinone was obtained by in troducing electron-withdrawing substituents (phe nyl or specially acyl groups) at C-2 or at C-32' 4. o Recently B e r g e r 5 has described the preparation and the properties of 2,3-dimethyl-4,7-dioxo-4,5,6,7-tetrahydroindole, ascribing to it the capacity of isomerizing easily in the dihydroxyl form. This property, however, has not been observed either in 4,7-dioxo-4,5,6,7-tetrahydroindole1 or in its deriva tives bearing only one alkyl group at C-2 or at C-32. 3 .
Interest in these properties led us to prepare and study other analogous compounds, bearing two alkyl groups at the C-2 and C-3 positions.
For the preparation o f these derivatives we used the direct alkylation of the 4,7-dimethoxyindole (1) with excess alkylmagnesium iodide. In the operative conditions (see experimental part), using methylmagnesium iodide, a dime thy lated derivative formed beside the monomethylated product 2 (3-methyl-4,7-dimethoxyindole) and this derivative turned out to be the 3,3-dimethyl-4,7-dimethoxyindolenine (3).
Instead, using ethylmagnesium iodide, the 2,3-diethyl-4,7-dimethoxyindole (8) was obtained, prac tically as sole product.
I t is certainly possible to think that the alkylation would take place in two subsequent stages with the initial formation of the monoalkylated derivative at C-3 position (which is notoriously the usual side for electrophilic monosubstitution6-7) and then of the dialkylated derivative. In this connection, J a c k s o n and S m i t h 7, 8 have pointed out that also in the 3-alkylindoles, unsubstituted in the benzene ring, the electrophilic attack upon indolyl Grignard reagent still occurs largely at the C-3 position, with the formation of 3,3-disubstituted indolenines, even if other workers9 have found that the primary site of electrophilic substitution in 3-methylindole is the C-2 position.
In the case of the diethyl derivative, in which the two ethyls are attached to C-2 and C-3, an easier rearrangement of one 3,3-diethylindolenine pre viously formed is conceivable*. There is also the possibility of steric hindrance o f the ethyl group attached to C-3 to the entrance in the same position of the second ethyl group, favouring in this way the entry of this ethyl substituent in the C-2 position**. We then investigated the behaviour o f these disubstituted 4,7-dimethoxyindole derivatives to wards the demethylation. B y long reflux-heating of compound 8 with anhydrous aluminium chloride in benzene, we obtained derivative 9, i.e. the 2,3-diethyl-4,7-dioxo-4,5,6,7-tetrahydroindole. Subjec ting indolenine (3) to an analogous demethylating process, it was possible to isolate a crystalline compound with dicarbonyl structure, which the I R and PM R spectra confirmed to be the 2,3-dimethyl-4,7-dioxo-4,5,6,7-tetrahydroindole (4). Even if this behaviour can be easily interpreted on the grounds o f the already-recorded tendency to rearrangement of indolenines, we confirmed the structure o f compound 4, by preparing the 2,3-dimethyl-4,7-dimethoxyindole (7) according to B l a c k b a l l and T h o m s o n 11 by short heating o f excess 2,5-dimethoxyaniline (5) with 3-chloro-2-butanone (6).
Compound 7, subjected to demethylation with AICI3 in benzene, furnished the same crystalline product 4 previously described.
Experimental Part
Electronic spectra, in C H 3 O H solution, were recorded on a " Perkin-Elmer" 402 spectrophoto meter (values o f Amax. measured using a single beam " Optica" CF 4 instrument).
Infrared spectra, on K B r pressed discs or be tween NaCl plates, were recorded with a " PerkinElmer" 457 spectrometer.
Proton magnetic resonance spectra were meas ured with a " Bruker" H F-X90 instrument, in deuterio-chloroform solutions (TMS standardisa tion).
Melting points, in open capillary tubes, are un corrected.
Elemental analyses were carried out in the Microanalytical Laboratory o f the Institute o f Pharma ceutical Chemistry o f Padua University.
Alkylation of 4,7-dimethoxyindole
In a 250 ml three-necked flask equipped with a dropping funnel, mechanical stirrer and watercooled condenser, appropriate alkyl iodide (8.32 g of C H 3J and 9.14 g o f C2H5J, 0.058 mole) was added slowly to Mg turnings (1.4 g, 0.057 mole) in dry ether (15 ml). When all the Mg had reacted, a solution of 4,7-dimethoxyindole (1) (3 g, 0.017 mole) in 40 ml o f dry ether was then added slowly and the resulting green-yellow mixture was heated for 15 min. under reflux. Subsequently, the ether was distilled out, and to the gelatinous residual product was added again appropriate alkyl iodide (6.84 g of CH3J and 7.48 g o f C2H 5J, 0.048 mole) and the mixture heated for 8 h under reflux before pouring onto ice-cold 2 N HC1 (25 ml).
The organic layer was separated, and the aqueous layer extracted with ether (3x400 ml). The com bined extracts were washed with water, dried (Na2S0 4 ), evaporated to dryness and the residual yellow oil distilled:
a ') 3,3-Dimethyl-4,7 -dimethoxy indolenine (3 )
Distillation at 70°/0.01 mm gave 3 as a viscous yellow oil. UV-visible: Amax. at 217 nm (log e = 4.34), 298 nm (log e = 3.59) and at 413 nm (log e = 2.82). The I R spectrum did not show typical iminic absorption around 3300-3500 cm-1.
For the PM R spectrum, see Table I .
a" ) 3-M ethyl-4,7-dimethoxyindole (2 )
Continuing the distillation o f the previously described residual yellow oil, at 85°/0.01 mm, a colourless oil was collected, which very soon set in a whitish mass. This compound was crystallized from ethanol 60°: long whitish needles, m.p. 118 °C.
T able I. P M R Spectra. Chemical shifts are in ppm (8 scale). Integrals correspond to the chemical formula given
in Fig. 1 U V : Amax at 218 nm (log e = 4.57), 261 nm (log e = 3.78), and at 288 nm (log e = 3.71). The I R spectrum showed an absorption at 3415 cm-1 (iminic N H ) and some absorptions among 2830 and 2990 cm-1 (methyls).
For the PM R spectrum, see Table I . U V : Amax at 206 nm (log e = 4.12), 216 nm (log e = 4.12) and at 326 nm (log e = 3.53).
The IR spectrum showed an iminic absorption band at 3318 cm-1 and some absorptions around 2835-2960 cm-1 (ethyls).
Demethylation of compounds 3 and 8
Demethylation of compounds 3 and 8 (0.8 g) was carried out by refluxing them for 14 h in benzene solution (50 ml) with the addition of powdered anhydrous aluminium chloride (8 g). After cooling, the solid residue was broken up and treated with ice-cold 2 N HC1; the organic layer was then separated and the aqueous layer extracted with ether (5x300 ml). The combined extracts were washed with water, dried (Na2S0 4) and evaporated to dryness in a nitrogen stream. Crys tallization from toluene produced the dealkylated compounds which were identified to be in a 4,7-dioxo-4,5,6,7-tetrahydro structure. Compound 4 also undergone rearrangement to 2,3-dialkylated indole.
a) 4 ,7-Dioxo-4,5 ,6 , 7-tetrahydro-2,3-dimethylindole (4 )
The residue obtained from distillation o f ether was crystallized from toluene: red crystals, m. UV-visible: Amax at 212 nm (log e = 4.02), 236 nm (log e = 3.93) and at 469 nm (log e = 2.85).
The I R spectrum showed a significative strong carbonyl band at 1635 cm-1 and an absorption at 3208 cm-1 (iminic NH).
Product 4 was identical to that prepared by de methylation of 4,7-dimethoxy-2,3-dimethylindole (7) (see PM R spectrum in Table I ) 5, a compound obtained by condensation of 2,5-dimethoxyaniline (5) and 3-chloro-2-butanone (6), as previously described by B l a c k h a l l and T h o m s o n 12. b) 4 ,7-Dioxo-4, 5,6 ,7- UV-visible: Amax at 212 nm (log £ = 4 .0 6 ), 238 nm (log e = 4.13), 271 nm (log e = 3.88) and at 333 nm (log s = 4.07).
The I R spectrum showed absorptions at 3220 cm-1 (iminic N H ), around 2900 cm-1 (ethyls), and a strong carbonyl band at 1638 cm-1.
Results
On the contrary o f what already observed for 4.7-dioxo-4,5,6,7-tetrahydroindole, which is com pletely insoluble in alkali and undergoes not acetylation, compounds 4 and 9 (2,3-dimethyl-4,7-dioxo-4.5.6.7-tetrahydroindole and 2,3-diethyl-4,7-dioxo-4.5.6.7-tetrahydroindole respectively) exhibit some solubility in sodium hydroxide. The very dilute al kaline solutions obtained, are fairly stable under nitrogen but rapidly darken on exposure to air. The light solubility of these compounds is quite in agreement with what already observed by B e r g e r with similar compounds5. This behaviour seems to suggest an isomerization to the dihydroxyl structures for the compounds 4 and 9, but this hypothesis is not proved by the usual reactions o f the presumed dihydroxyl forms since even under strong acetylating conditions (anhydrous acetic anhydride-pyridine in benzene for prolonged heating) the compounds remain unchanged.
From our experience, the nature o f the substi tuents at C-2 and C-3 positions has a determinative influence on the phenol-keto tautomerism. A study on the influence of these substituents about the possibility of tautomerism is under current in vestigation.
